Introduction {#Sec1}
============

Stroke, a major cerebrovascular event, is a severe healthcare burden worldwide. According to the statistics, stroke ranks the second leading cause of global deaths, inferior to ischemic heart disease \[[@CR1]\]. Carotid artery stenosis (CAS) is the main risk of cerebrovascular events, and estimated to cause about 20--25% of all strokes \[[@CR2]\]. CAS can be divided into symptomatic CAS (SCAS) and asymptomatic CAS (ACAS) according to the clinical manifestation. SCAS refers to the patients who have a history of transient ischemic attack (TIA) or stoke, while ACAS is defined as the patients with luminal carotid narrowing but have no history of stroke or other cerebrovascular events in the previous 6 months \[[@CR3]\]. Currently, carotid endarterectomy (CEA) and carotid artery stenting (CAS) are two efficient therapeutic strategies for SCAS patients \[[@CR4]\]. However, the delayed diagnosis of ACAS, which due to the lack of clinical symptoms, leads to the occurrence of cerebrovascular events. Therefore, novel strategies for diagnosis and cerebrovascular event prediction are urgently needed for patients with ACAS.

Emerging studies have reported the important role of microRNAs (miRNAs) in various human diseases \[[@CR5]\]. miRNAs are a group of small noncoding RNAs with regulatory effect on gene expression at the post-transcriptional level \[[@CR6]\]. By binding to the 3′-untranslated region of target mRNAs, the expression of key genes that serve pivotal roles in various pathogenesis can be inhibited by miRNAs \[[@CR7]\]. Thus, miRNAs can be involved in the regulation of various cellular processes, such as the cell proliferation, migration and apoptosis of vascular endothelial cells and vascular smooth muscle cells, which are closely related to vascular remodeling and the development of CAS \[[@CR8], [@CR9]\]. Some miRNAs with aberrant expression patterns have been identified in patients with CAS and are involved in the disease progression \[[@CR10], [@CR11]\], providing potential insight into the methods to improve CAS diagnosis and management.

MiR-17-92 cluster plays a crucial role in the physiological and pathological processes of CAS \[[@CR12]\]. Several members of the miR-17-92 cluster are upregulated in carotid arteries exhibiting restenosis after angioplasty and stenting when compared to the adjacent normal artery, including miR-17, miR-18a, miR-19a, miR-20a, and miR-92a \[[@CR13]\]. A recent study reported by Huang et al. has proposed that hypertensive patients with a high miR-92a serum level had a high risk of atherosclerosis, and the elevated circulating miR-92a might serve as a novel diagnostic biomarker for atherosclerosis, which is a major cause of CAS \[[@CR14]\]. In addition, the increased expression of miR-92a has also been found in patients with diabetes \[[@CR15]\] and hyperlipidemia \[[@CR16]\], which represent two common risk factors of CAS. Moreover, several target genes of miR-92a have been determined to be involved in the regulation of atherosclerosis and CAS, such as phosphatase and tensin homolog (PTEN), SMAD family member 7 (SMAD7) and fibroblast growth factor receptor substrate 2 (FRS2) \[[@CR17]--[@CR19]\]. However, the expression and clinical role of miR-92a in CAS has rarely been reported. This study was carried out to investigate the circulating expression of miR-92a in ACAS patients, and evaluate the diagnostic performance of miR-92a for CAS screening and the predictive value of miR-92a for the occurrence of cerebrovascular events.

Materials and methods {#Sec2}
=====================

Patients and serum collection {#Sec3}
-----------------------------

This study was approved by the Ethics Committee of Binzhou Medical University Hospital, and the written consent was obtained from each participant before blood sampling. A total of 122 ACAS patients were enrolled in this study from Binzhou Medical University Hospital between 2011 and 2013 following the inclusion criteria: (1) more than 18 years old; (2) the stenotic degree of ipsilateral internal carotid artery more than 50%; (3) no history of TIA or stroke; (4) no malignancies. A color Doppler ultrasound was used to diagnose CAS with a high-resolution duplex ultrasound system and a probe at scanner frequency of 7--10 MHz. The ultrasonography examination was performed by two experienced radiologists and the degree of stenosis was calculated. Besides, 62 healthy volunteers were recruited in this study as normal controls, who had no history of metabolic diseases, malignancies, cardiovascular diseases, cerebrovascular diseases, or inflammatory diseases. Venous blood was collected from the participants and used to isolate serum samples using centrifugation. The demographic and clinicopathological characteristics of the patients were recorded for further analysis.

Follow-up {#Sec4}
---------

All the patients were recruited in a 5-year follow-up survey. The occurrence of ipsilateral cerebrovascular events, including stroke, TIA, or sudden death, was defined as the primary endpoint. The patients who died from other unrelated incidents were excluded from the analysis. The diagnosis of stroke was determined by the combination of clinical symptom and brain imaging examination, including Doppler ultrasound, MRI, CT, and angiography \[[@CR20]\]. The TIA cases were those with clinical symptoms disappear within 24 h.

RNA extraction {#Sec5}
--------------

Total RNA in the collected serum was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instruction. The concentration and purity of RNA were determined by a NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA, USA). The pure RNA was used for reverse transcription to synthesize cDNA using a PrimeScript RT reagent kit (TaKaRa, Shiga, Japan) according to the protocols of the manufacturer.

Quantitative real-time PCR (qRT-PCR) {#Sec6}
------------------------------------

The expression of miR-92a in serum samples was estimated using qRT-PCR, which was carried out using a SYBR green I Master Mix kit (Invitrogen, Carlsbad, CA, USA) and the 7500 Real-Time PCR System (Applied Biosystems, USA). U6 was used as an internal control in the reactions. The relative expression value of miR-92a was calculated by using the 2^−ΔΔCt^ method and normalized to U6. The primers used were as follows: miR-92a forward, 5′-TATTGCACTTGTCCCGGCCTGT-3′ and reverse, 5′- CTTTCTACACAGGTTGGGATCG-3′; and U6 forward, 5′-CTCGCTTCGGCAGCACA-3′ and reverse, 5′-AACGCTTCACGAATTTGCGT-3′.

Statistical analysis {#Sec7}
--------------------

The data obtained in this study were expressed as mean ± standard deviation (SD) and analyzed using SPSS 21.0 software (SPSS Inc., Chicago, IL) and GraphPad Prism 7.0 software (GraphPad Software, Inc., USA). Differences between groups were analyzed using student's *t* test. Chi-square test was used to estimate the relationship between miR-92a and patients' clinical data. A receiver operating characteristic (ROC) curve was constructed to evaluate the diagnostic value of circulating miR-92a, and the area under the curve (AUC) was calculated to examine the diagnostic accuracy. The value of miR-92a on predicting cerebrovascular diseases was analyzed using the Kaplan-Meier method and Cox regression analysis. A *P* value of less than 0.05 was considered statistically significant.

Results {#Sec8}
=======

Clinical data comparisons between healthy control and ACAS patients groups {#Sec9}
--------------------------------------------------------------------------

The demographic and clinicopathological characteristics of the control groups and ACAS patients group were summarized in Table [1](#Tab1){ref-type="table"}. It was found that there was no significant difference for age, gender, body mass index (BMI), and high-density lipoprotein cholesterol (HDL-C) between the control and ACAS group (all *P* \> 0.05). However, the levels of fasting blood glucose (*P* \<  0.001), total cholesterol (TC, *P* = 0.001) and low-density lipoprotein (LDL-C, *P* \<  0.001) were significantly higher in ACAS group than that in the control group, and more cases with hypertension were identified in ACAS group (*P* \<  0.001). Table 1Clinical data comparisons between healthy control and ACAS patients groupsParametersControl (*n* = 62)Asymptomatic CAS (*n* = 122)*P* valuesAge (years), mean ± SD58.89 ± 7.3760.34 ± 7.860.226Gender (Female/male)18/4446/760.243BMI (kg/m^2^), mean ± SD25.37 ± 4.5726.02 ± 5.280.415Fasting blood glucose (mmol/L), mean ± SD4.98 ± 0.615.86 ± 1.07\<  0.001Hypertension, n (%)15 (24.19)75 (61.48)\< 0.001TC (mmol/L), mean ± SD4.74 ± 0.485.13 ± 0.790.001LDL-C (mmol/L), mean ± SD2.71 ± 0.353.02 ± 0.49\< 0.001HDL-C (mmol/L), mean ± SD1.11 ± 0.151.07 ± 0.270.217*BMI* Body mass index, *TC* total cholesterol, *LDL-C*, low density lipoprotein, *HDL-C* high density lipoprotein cholesterol

Circulating expression of miR-92a in patients with ACAS {#Sec10}
-------------------------------------------------------

According to qRT-PCR, the expression of miR-92a in serum samples was significantly higher in patients with ACAS than that in the healthy volunteers, and the difference reached statistical difference (*P* \< 0.001, Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Circulating expression of miR-92a detected by qRT-PCR in patients with ACAS. \*\*\**P* \< 0.001

Association of miR-92a with the clinicopathological features of ACAS patients {#Sec11}
-----------------------------------------------------------------------------

The demographic and clinicopathological characteristics of ACAS patients were recorded and summarized in Table [2](#Tab2){ref-type="table"}. To understand the role of the dysregulated miR-92a in the development of ACAS, its relationship with the patients' clinical data was assessed. To facilitate the analysis, all ACAS patients were grouped into low expression and high expression groups according to the mean expression value of miR-92a. As shown in Table [2](#Tab2){ref-type="table"}, the levels of fasting blood glucose (*P* = 0.040), TC (*P* = 0.046) were significantly high in high miR-92a expression group than that in low miR-92a expression group, and more patients with hypertension (*P* = 0.035) and high degree of carotid stenosis (*P* = 0.013) were observed in high miR-92a group. The results indicated that the increased miR-92a expression was associated with fasting blood glucose, TC, hypertension, and degree of carotid stenosis. No significant relationship was detected between miR-92a and age, gender, BMI, LDL-C, or HDL-C (all *P* \> 0.05). Table 2Association of miR-92a with the clinical data of ACSA patientsParametersLow miR-92a expression group (*n* = 58)High miR-92a expression group (*n* = 64)*P* valuesAge (years), mean ± SD60.43 ± 7.7660.27 ± 8.010.908Gender (Female/male)22/3624/400.961BMI (kg/m^2^), mean ± SD25.69 ± 5.3026.32 ± 5.270.513Fasting blood glucose (mmol/L), mean ± SD5.65 ± 1.006.05 ± 1.100.040Hypertension, n (%)30 (40.00)45 (60.00)0.035TC (mmol/L), mean ± SD4.98 ± 0.805.26 ± 0.780.046LDL-C (mmol/L), mean ± SD2.98 ± 0.523.06 ± 0.470.377HDL-C (mmol/L), mean ± SD1.09 ± 0.241.05 ± 0.300.520Degree of carotid stenosis (≥ 70%), n (%)28 (38.36)45 (61.64)0.013*BMI* Body mass index, *TC* total cholesterol, *LDL-C* low density lipoprotein, *HDL-C* high density lipoprotein cholesterol

Diagnostic value of miR-92a in patients with ACAS {#Sec12}
-------------------------------------------------

According to the serum levels of miR-92a in ACAS patients, this study further evaluated the diagnostic significance of miR-92a for ACAS by constructing a ROC curve (Fig. [2](#Fig2){ref-type="fig"}). Based on the serum miR-92a levels, the AUC in the ROC analysis was 0.895, indicating the relatively high diagnostic accuracy of miR-92a in differentiation between ACAS patients and healthy individuals. The optimal cutoff value was 1.285, with a sensitivity of 88.5% and a specificity of 79.0%. Fig. 2A ROC curve constructed based on serum miR-92a in ACAS patients and healthy individuals. AUC, area under the curve

Predictive value of miR-92a for the occurrence of cerebrovascular diseases {#Sec13}
--------------------------------------------------------------------------

According to the 5-year follow-up survey, cerebrovascular events occurred in 28 patients, including 20 TIA and 8 strokes. Among 28 patients who suffered from cerebrovascular events, 8 cases were observed in the low miR-92a expression group, while 20 cases were in the high miR-92a expression group. No death nor contralateral ischemic events occurred. By a Kaplan-Meier analysis, the patients with high miR-92a expression experienced more cerebrovascular events compared with those with low miR-92a expression (log-rank *P* = 0.029, Fig. [3](#Fig3){ref-type="fig"}). The further determine the variables that might predict the occurrence of cerebrovascular events, all risk factors were included in a Cox regression analysis. As shown in Table [3](#Tab3){ref-type="table"}, the univariate data indicated that more cerebrovascular events occurred in patients with higher miR-92a (HR = 4.121, 95% CI = 1.366--8.496, *P* = 0.008) and larger degree of carotid stenosis (HR = 2.668, 95% CI =1.189--5.992, *P* = 0.022). The subsequent multivariate analysis data revealed that ACAS patients with higher miR-92a (HR = 2.971, 95% CI = 1.230--7.173, *P* = 0.015) or larger degree of carotid stenosis (HR = 2.515, 95% CI =1.103--5.738, *P* = 0.028) had high risk for the occurrence of cerebrovascular events. Fig. 3Kaplan-Meier survival curves for ACAS patients with different expression levels of miR-92a. Log-rank *P* = 0.029Table 3Cox regression analysis in patients with ACSAParametersUnivariate analysisMultiple analysisHR (95% CI)*P* valueHR (95% CI)*P* valuemiR-92a4.121 (1.366--8.496)0.0082.971 (1.230--7.173)0.015Age1.521 (0.725--3.192)0.2681.402 (0.618--3.181)0.419Gender1.025 (0.480--2.189)0.9490.921 (0.409--2.078)0.844BMI1.920 (0.845--4.360)0.1190.450 (0.191--1.065)0.069Fasting blood glucose1.172 (0.530--2.453)0.7550.932 (0.408--2.126)0.866Hypertension1.233 (0.584--2.505)0.7341.223 (0.541--2.769)0.629TC1.100 (0.520--2.325)0.8030.974 (0.382--2.483)0.956LDL-C1.281 (0.610--2.693)0.5131.233 (0.453--3.358)0.682HDL-C1.258 (0.599--2.645)0.5441.169 (0.467--2.928)0.739Degree of carotid stenosis2.668 (1.189--5.992)0.0222.515 (1.103--5.738)0.028*BMI* Body mass index, *TC* total cholesterol, *LDL-C* low density lipoprotein, *HDL-C* high density lipoprotein cholesterol

Discussion {#Sec14}
==========

This study aimed to evaluate the diagnostic performance of miR-92a for ACAS and its predictive value for cerebrovascular events in patients with ACAS by analyzing miR-92a expression levels. According to qRT-PCR, circulating miR-92a expression was elevated in ACAS patients compared with healthy individuals. The serum increased miR-92a expression levels were associated with the degree of carotid stenosis and some vascular risk factors in ACAS patients. According to the deregulated expression pattern, the diagnostic value of miR-92a was evaluated, and the ROC data demonstrated the relatively high diagnostic accuracy of serum miR-92a for ACAS patients. Furthermore, the occurrence of cerebrovascular disease was recorded by a 5-year follow-up survey, and we found that ACAS patients with high miR-92a experienced more cerebrovascular events, suggesting that miR-92a might serve as a risk factor for the occurrence of cerebrovascular event.

CAS is a progressive pathological condition, which is generally considered as a result of atherosclerosis and plaque rupture \[[@CR21]\]. The prevention and therapy of CAS, especially the ACAS, have attracted increasing attention for their significant promoting effects on the occurrence of cerebrovascular events, such as TIA and stroke \[[@CR22]\]. Over the past decades, a large number of miRNAs are involved in the regulation of some pathophysiological cellular processes and functional signaling pathway, which contributes to the development of various human diseases \[[@CR23]\]. The endothelial cell biological function, lipid homeostasis, mechanosensing, and leukocyte recruitment, which represent important cellular processes during atherosclerosis, have been reported to be regulated by miRNAs \[[@CR24]--[@CR26]\]. A study reported by Zheng et al. demonstrated that miR-155 could be involved in the progression of atherosclerosis by regulating endothelial cell proliferation and migration, and exosome-mediated transfer of miR-155 might serve as a novel therapeutic target for atherosclerosis \[[@CR27]\]. Another study reported by Gong et al. investigated the role of miR-150 in atherosclerosis rats and found that miR-150 ablation could ameliorate atherosclerosis and improve plaque stability through regulating smooth muscle cell function, macrophage infiltration and lipid accumulation \[[@CR28]\]. These published studies implied the critical regulatory role of miRNAs in the progression of atherosclerosis and plaque stability. Of note, some miRNAs involved in the progression of atherosclerosis were also differentially expressed in the pathogenesis of CAS and might participate in disease development \[[@CR29]\]. For example, miR-145, which has been reported to be related to atherosclerosis progression, was reduced in patients with CAS and suppressed disease progression by inhibiting vascular smooth muscle cell proliferation \[[@CR11], [@CR30]\]. The increased miR-330-5p was found in unstable carotid plaques, which contributes to the progression of CAS and was proposed as a target for atherosclerotic disease therapy \[[@CR31]\].

MiR-92a has been determined as one of the vascular-related microRNAs \[[@CR32]\], and can be involved in the development of vascular-associated diseases by regulating vascular formation and remodeling \[[@CR33]\]. The elevation in miR-92a expression has been reported in patients with atherosclerosis, and was identified as a noninvasive atherosclerosis biomarker in hypertensive patients \[[@CR14]\]. Wiese et al. recently provided evidence for miR-92a to regulate the development of renal injury-associated atherosclerosis \[[@CR34]\]. This study firstly investigated the expression patterns of miR-92a in patients with ACAS and found that serum miR-92a expression was significantly increased in ACAS patients compared with healthy controls, which was consistent with the expression data in atherosclerosis patients \[[@CR14]\]. The relationship analysis data revealed that serum miR-92a expression was associated with patients' carotid stenosis, indicating that miR-92a might be involved in the development of CAS. Moreover, the association of miR-92a with the vascular risk factors, including diabetes, hypertension, and dyslipidemia was also found in the present study. A recent study proposed that the deregulated miR-92a in diabetes mellitus had a promoting effect on the development of cardiovascular disease by enhancing NF-κB signaling and inflammatory response \[[@CR15]\]. Niculescu et al. found that the inhibition of miR-92a might be a novel method to decrease liver and plasma cholesterol levels in animals with dyslipidemia \[[@CR35]\]. Additionally, it is well known that the dysregulation of miR-92a functions in the progression of diseases by regulating the targeting genes. Regarding the association between miR-92a and arteriosclerosis, Huang et al. have elucidated the mechanism in rats. They found that inhibiting miR-92a protects endothelial progenitor cells by targeting GDF11 via SMAD2/3/FAK/Akt/eNOS pathway \[[@CR36]\]. Wang et al. demonstrated that miR-92a is elevated in coronary atherosclerosis patients, and the ATP binding cassette A1(ABCA1) is determined to be the target gene \[[@CR37]\]. These previous study results combined with the relationship analysis data in our study led us to conclude that miR-92a might be involved in the development of CAS through promoting the progress vascular risk events. However, further studies are needed to explore the underlying mechanism of the involvement of miR-92a in CAS. Additionally, in the present study, only ACAS patients were included, further studies are needed to determine the expression changes of miR-92a in CAS patients for the comparison to the healthy controls and ACAS group.

Serum miRNAs are generally considered a group of good diagnostic tools for various pathological conditions and diseases \[[@CR38]\]. The dysregulation of circulating miR-92a has been determined as a diagnostic biomarker for patients with atherosclerosis \[[@CR14]\], acute myeloid leukemia \[[@CR39]\], and cervical cancer \[[@CR40]\]. In this study, a ROC curve based on serum miR-92a was constructed and suggested that miR-92a could serve as a promising diagnostic biomarker to screen ACAS patients. Early diagnosis of CAS, especially for ACAS patients who had no significant clinical manifestations, is very important for the prevention of cardiovascular and cerebrovascular diseases. Stroke and TIA are the most common cerebrovascular diseases processed from CAS, and stroke remains a fatal disease threatening human life and health. In a study reported by He et al., miR-92a was suggested to serve as a regulator of the onset of depression in patients with stroke \[[@CR41]\], indicating that miR-92a is associated with stroke progression. Thus, this study further assessed the relationship between miR-92a expression and the onset of cerebrovascular events. The incidence rate of cerebrovascular events in our research cohort was 23.0%, and the patients with high miR-92a experienced more TIE and stroke cases. The Cox regression data demonstrated that miR-92a could independently predict the occurrence of TIE and stroke, suggesting that miR-92a serves as a risk factor in ACAS patients to predict future cerebrovascular events. Moreover, it should be noted that a close association of miR-92a with various malignancies, such as colorectal and gastric cancers, has been detected \[[@CR42], [@CR43]\]. Therefore, in the present study, cases with no history of malignancies were included to avoid the influence of malignancies on serum miR-92a expression. Moreover, in the future studies about the role of miR-92a in CAS, the influence of malignant tumors should be taken into account.

In conclusion, elevated miR-92a expression was detected in ACAS patients, which is associated with carotid stenosis and serves as a candidate diagnostic biomarker for ACAS. MiR-92a has the potential as a predictor for the onset of cerebrovascular events in ACAS patients. Although our results provide a novel insight into the value of miR-92a in ACAS diagnosis and future cerebrovascular events prediction, further investigations with a larger study population are needed to confirm the role of miR-92a.
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